Orbital elements are presented for 117 binary systems with no previous orbit calculation. For nearly all of these systems, these elements must be regarded as preliminary, but the ephemerides presented here should be relatively accurate over the next several decades. Further, the analysis of these systems should highlight the need for their continued observation by dedicated programs to improve the veracity of these elements.
INTRODUCTION
As double star observing programs continue, investigation of systems whose motion years ago was indeterminate can now reveal Keplerian motion. A project was undertaken to examine systems in the Washington Double Star Catalog (WDS; Mason et al. 2001 ) and pinpoint those that, while having no published orbits, now show orbital motion. For 117 of these systems, the observational data were sufficient to calculate first orbits.
These orbits are not expected to be definitive; rather, they are meant to provide a baseline for future observations and orbit calculations. As most of these systems have too few data to be well defined, the ephemerides are expected to be more useful than the orbital elements in most cases. We calculate these orbits in part to encourage further observation of these systems, many of which have gone unobserved for a decade.
The systems considered as candidates for this project met three criteria. First, they did not have published orbits. Second, they needed a minimum of eight observations so as to avoid making broad pronouncements based on little data. Finally, they had to exhibit at least a 30 change in position angle or a 30% change in separation.
The observations of each candidate system were plotted so that each system could be visually examined. Some systems, which will be the subject of future analysis, displayed rectilinear motion, probably due to differential proper motion; others showed uncertain motion; still others appeared to be stationary. In the latter case, incorrect quadrant assignments or observational errors were responsible for their selection. Orbits were attempted only for those systems that visually displayed significant curvature.
Initial estimates of orbital period, epoch of periastron passage, and eccentricity (P, T 0 , and e) are made, based on the motion indicated by the available data, along with grid step sizes for those elements. Weights of observations are assigned on the basis of telescope aperture and observing technique, as described in . Orbits are then calculated according to the '' threedimensional adaptive grid search technique,'' initially described by Hartkopf, McAlister, & Franz (1989) and modified as described by Mason, Douglass, & Hartkopf (1999) . Briefly, the four Thiele-Innes elements (A, F, B, and G) are calculated by the method of least squares. From A, F, B, and G the other geometric elements (a, i, , and !) are calculated directly. As this procedure is performed, the initial values of P, T, and e are modified by an adaptive grid search. Over several iterations, observations are assigned new weights according to their rms errors and residuals, and the orbital elements eventually converge as the grid search narrows.
NEW ORBITS
Of the more than 84,000 systems in the WDS, 2302 systems with 54,718 observations satisfied the criteria enumerated in the previous section and were considered candidate systems. Of these, 255 initially appeared to display Keplerian motion. Closer examination of the data, before, during, and after attempts at calculating orbits, led to a final result of 117 serviceable orbits incorporating 3356 observations (see .
In sifting through these data, several hundred erroneous measures were discovered. Among those systems with orbits published here, 213 measures with flipped quadrants were found; these were corrected for the orbit calculations by adding or subtracting 180 from each measure as appropriate. An additional 422 measures with flipped quadrants were gleaned from systems whose orbits could not be calculated at this time. Wherever possible, these quadrant ambiguities were resolved using differential magnitude measurements. For most systems, where only a measure or two had quadrants inconsistent with the remainder, only these outliers were changed. Further, 15 measures reported angular separations so vastly different from other observations of the same system that they were removed entirely from system plots (for considerations of scaling) and were never incorporated into orbit calculations. Two of these belonged to systems with orbits published here (HU 1213 and HU 190) . These measures have been flagged in the WDS as possibly erroneous.
The results of our orbit calculations are presented in Table 1 . The first column shows the epoch J2000.0 coordinates of each system, with right ascension given to the nearest tenth of a minute of time and declination given to the nearest minute of arc. The second column gives the discoverer designation, with components specified if any additional ones are known to exist. The third through ninth 1 Science and Engineering Apprenticeship Program intern.
The Astronomical Journal, 123:1023 -1038 , 2002 February # 2002 . The American Astronomical Society. All rights reserved. Printed in U.S.A. columns give orbital elements, which are reported with a precision appropriate to their errors. The third column gives the orbital period (P) in years; the fourth gives the semimajor axis in arcseconds (a 00 ); the fifth, inclination (i) in degrees; the sixth, the longitude of nodes () in degrees; the seventh, time of periastron (T 0 ) expressed as a fractional Besselian year; the eighth, eccentricity (e); and the ninth, the longitude of periastron (!) in degrees. The 10th column gives the orbit grade, for which a few words of explanation are needed.
In the Fourth Catalog of Orbits of Visual Binary Stars, Worley & Heintz (1983) assigned grades between 1 ('' definitive '') and 5 ('' indeterminate '') to the published orbits. Grades in the 10th column of Table 1 were determined by the quantitative method described in Hartkopf et al. (2001) . This method approximates objectively the subjective judgments of Worley & Heintz, who, as two of the three most prolific double star observers of all time, had personal experience with stars, equipment, and observers that is now impossible to duplicate.
This quantitative grading scheme is based on, among other things, the h and phase coverage of the observations, number of revolutions traversed between the earliest and most recent observations, number of observations, and weighted rms residuals. Generally, the lower the rms residuals and the greater the coverage, the better the grade of the orbit will be. Most of the orbits published here received a grade of 4 ('' preliminary '') or 5 ('' indeterminate '') due to the lack of coverage; only the best eight were deemed to be of grade 3 ('' reliable '').
Ephemerides for the period 2002-2010 are presented in Table 2 , the first two columns of which are identical to those in Table 1 . The subsequent 10 columns give the predicted position angle (h, measured in degrees and corrected for precession) and angular separation (, measured in arcseconds) for each of the epochs 2002.0, 2004.0, 2006.0, 2008.0, and 2010.0 . As these orbits are preliminary only, the ephemerides given in Table 2 are expected to be both more accurate and more useful than the elements given in Table 1 . 
